The paper presents the methodology and results of measurement designed to determine the effect of the rolling element separator (cage) at the frictional moment in ball bearings. The measurement was carried out on four groups on bearing with different cages. Measurements were carried out on torque-meter STPM, a device that has been designed and manufactured at Kielce University of Technology. The measurement results showed that the type of cage used in ball bearings has a significant impact on the frictional moment. In addition, the results also confirm that the size of the curvature ratio and the accuracy of the races shape have a significant impact on the frictional moment.
Introduction


In order to maximize the reliability of equipment, the manufacturers are forced to systematic improvement their products. The changes apply to the design, manufacturing technology, maintenance and optimization selection of elements. For bearings, this selection mainly depends on the work conditions in which they will be used. After determining the operating conditions, the bearings are selected based on design parameters such as: bearing type, size, clearance, type of rolling element separator, lubrication, etc., and taking into account the operational parameters, such as: capacity, speed limits, frictional moment, rotation accuracy, noise, etc. Bearing life and reliability are crucial for the machines operation in which they are used. Premature wear or damage to the bearings, is associated with a time-consuming and costly replacement. This is particularly important in the case of large-size bearings used for supporting large cylindrical elements [1] . One of the most important factors determining the bearing life is the frictional moment. It shows the levels of energy losses. This energy is lost as heat or to the destruction of the lubricant and the bearing cooperating surfaces. This moment depends on many factors, both those related to the bearing design parameters applied lubricant and working conditions of the bearing. Although the qualitative impact of each factor on the frictional moment is known, their numerical contribution to the final result has not been full examined yet, and not all of these factors are taken into account in the mathematical relationships use. This paper dealt with analysis of the impact of rolling element separator type on the frictional moment.
Rolling elements separator (cage) is a bearing element that is use to separate the rolling elements (balls, cones, etc.), in order to avoid friction between them, and their even positioning on the periphery of the bearing. During the work of the bearing, the cage may come in contact with the rolling elements and the rings. In places the contact the size of friction that occurs will depend on the work conditions and the shape and material from which the cage was made. The material used for the manufacture of cage
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depends mainly on the type of bearings in which it will be used. The cage may be made from carbon steel, brass, plastic or synthetic resin [2] .
Frictional moment is the result of the energy losses in the area of co-operation of the rolling elements with the races and the cage, as well as losses resulting from wading in the means of rolling elements lubricants.
The larger the frictional moment of the working bearing is, the shorter its life will be. Therefore, users of bearings want to be able to select the most appropriate bearing to specific conditions. In order to determine the theoretical frictional moment in rolling bearings mainly two mathematical relationships are used, the mathematical relationships are described in Eqs. (1) and (5).
Frictional moment formula according to Palmgren'a [3] : The mathematical relationships take into account many factors which influence the frictional moment but not all of them. In addition to the aforementioned type of cage, these models do not take into account the curvature ratio and the accuracy of the implementation of the races shape (errors shape, waviness and roughness). The results in Ref. [5] show curvature ratio in difficult conditions (high load and speed) has a clear effect on the moment resistance of the working bearings.
The frictional moment measurements were performed in 3 series on torque-meter STPM shown in Fig. 1. 
Research Equipment
In order to analyze the impact of the cage at the frictional moment, a series of measurements was performed on torque-meter STPM [6] . The torque-meter was designed at Kielce University of Technology and is a response to the needs of industry for equipment for frictional moment in rolling bearings [7] . It provides the ability to perform frictional moment measurements on small and medium sized roller bearings.
Measurement
The tests were performed on the following four bearing samples:
 Sample A: 6202A8, plastic cage;  Sample B: 6202A8, metal cage;  Sample C: 6202A17, plastic cage;  Sample D: 6202A17 metal cage. Each bearing sample consists of 10 items. Samples not only have different cages, but also have differed races shape. 6202A8 bearings have a larger radius of the races then the 6202A17 bearings. Each bearing was measured twice, in each measurement the axial load was acting with the same magnitude but in a opposing direction before each measurement, in order to secure the bearing and minimizing the effect of lubricant on the frictional moment, a same small amount of Drosera MS 10 oil, was added to the bearings. For each sample, three series of measurements were performed. Each is with different values of the axial load, radial and rotational speed. The magnitudes of these parameters are shown in Table 1 . The results of frictional moment measurement, measured in three series obtained for four samples of bearings are shown in Table 2 .
Conclusions
The results of the experiment presented in this paper confirm the significant impact of the material used to make the cage in the ball bearings on the frictional moment. Ball bearings with metal cages generate more frictional moment then the bearings with plastic cages. This is due to differences in the friction coefficients, cage weight or the contact surfaces (plastic baskets have a lower friction coefficient and are much lighter than steel baskets).
The changes of the frictional moment value in the following series of measurements, show a similar behavior of the bearings in relation to the changing research condition: the speed of rotation, radial and axial loads. Only in sample C, the characteristics are different than in the other sample (for example in the 3 series the frictional moment measurement result for the sample C should be greater than those obtained for sample A), this suggesting that in addition to the cage type and the curvature ratio, other parameters lick the accuracy of its performance (e.g., wave profile or race deviation) could have a significant impact on the results of sample C bearings.
